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1 
The present invention relates fo new halogen 
compounds and to a process for the preparation 
thereof. 
Halogen has heretofore been introduced into a 
methylene group in c-position fo an oleflnic double 
bond, i. e. in the allyl position adjacent fo the 
double bond, with the aid of N-bromosuccinimide. 
However, application of this method fo com- 
pounds which contain a two- or more-fold con- 
jugated system instead of a single double bond 
bas not heretofore been successful (see Ziegler 
et al., Annalen der Chemie, 551, 97 [1942]). 
Similarly unsuccessful bas been the halogenation 
of a methyl group in c-position to the conjugated 
system of a poly-oleflne, since such a group even 
in c-position to a slngle double bond reacts more 
difllcultly than does a methylene group. 
A primary object of the present invention is 
the embodiment of a process whereby the afore- 
said deflciency is obviated and whereby a new 
class of halogen compounds is ruade available. 
It has now been round that, unexpectedly, halo- 
gen compounds can be prepared by treating, in 
the presence of light, di- or poly-oleflnes with 
conjugated double bonds which contain af least 
one methyl group in c-position fo the onjugated 
system, with a carboxylic acid imide, amlde, or 
arylamide, which is halogenated af the nitrogen 
atom. 
As a starting material for the new process, use 
may be ruade of any compound which contains 
two or more conjugated carbon-carbon double 
bonds .in an aliphatic, allcyclic or heterocycllc 
radical and also contains at least one methyl 
group in c-position, i. e. in allyl position, to the 
said conjugated system. Accordingly, there are 
suitable for example: compounds of the type of 
pentadiene-(1,3), such as 1,1-diphenylpenta- 
dione- (1,3), 1,1-diphenyl-4-methyl-pentadiene- 
(1,3) (prepared for example from corresponding 
monoenes according to the bromosuccinimide 
method) ; menthadienes, such as «-terpinene; and 
more particularly also compounds of the steroid 
series with conjugated double bonds in the side 
chain, for example 20,23-3-acyloxy- or -3,12-di- 
acyloxy- or -3,7,12-triacyloxy-24,24-diphenyl-. 
choladienes, 20,3-3-keto- or -3,11-diketo- or 
-3,12-diketo- or 3,7,12-triketo-24,24-diphenyl- 
choladienes, 0,3-3-acyloxy-11- or -12-keto- 
24,24-diphenyl-choladienes, 0,23-3-keto-ll. or 
-12-hydroxy- or acyloxy- 24,24-diphenyl-chola- 
dienes, »,0,3-3-acyloxy-24,24-diphenyl-chlola- 
trienes, 4,°,3-3-keto-24,24-diphenyl - cholatri- 
enes0 ¢,20,3-3-keto-ll- or -12-hydroxy- or -acyl- 
oxy-24,24-diphenyl-cholatrlenes, ,0,3-3-11. or 

2 
-3,12-dikete-24,24-dtphenyl-cholatrtenes, as well 
as analogous compounds whtch contain an 11,12- 
double bond instead of substituents in 11- or 12- 
position. ,  Ix [ 
5 In Heu of compounds of the steroid series with 
conjuated side-chain double bonds and a further 
double bond in the cyclopentanopolyhydrophen- 
anthrene nucleus if is of advantae to use eom- 
pounds whose nuclear double bond is protected, 
10 e. g. by saturation with halogen or particularly 
with hydrogen halide, if such protection is hot 
rendered superfluous by the relatively inert char- 
acter of the double bond. The latter is the case 
e. g. with C-C groupings which contain a kete 
15 group in c-position or with those which are sit- 
uated between two tertiary carbon atoms. Com- 
pounds with a protected nuclear double bond are 
prepared, e. g. by protecting the nuclear double 
bond of cyclopentanopolYhydrophenanthrene 
20 compounds which initially bave only one double 
bond in the side chain, halogenating, e. g. with 
carboxylic acid imides, and splitting off hydrogen 
halide under conditions which do not affect the 
protection of the nuclear double bond, e. g. by 
25 simple heating. 
The above keto-group-containing polyenes can 
be obtained for example from the corresponding 
hydroxy-polyenes, part of the hydroxyl groups 
of which may if necessary be present in esterifled 
3o form (partial acylation of polyhydroxy com- 
pounds or partial saponiflcation of poly-acyloxy 
compounds), by the action of aiuminum alco- 
holates and ketones; l l-keto-polyenes are ad- 
vantageously prepared from ll-keto-acid esters 
35 by Grignardation and introduction of the double 
bonds. The ll,12-unsaturated steroids can be 
prepared for example from compounds, which 
' have in the 12-position a radical which can be 
split off (such as a berioyloxy, anthraquinone- 
40 carboxy, p-toluol-sulfoxy or methanesulfoxy 
group), by splitting off the said radical together 
with a hydrogen atom at the 11-carbon atom. 
The starting material is treated with a dicar-. 
boxylic acid imide derivative which is halogenated 
45 at the nitrogen atom, i. e. substituted for ex- 
ample by chlorine, bromine or iodine---such as 
an N-halogen-succinimide, -phthalimide, -para- 
banic acid, -cyanuric acid, -hydantoin or -barbi- 
turic acid. In lieu thereof, use may also be 
5O ruade of a corresponding derivative of a primary 
or secondary carboxylic acid amide, such as of 
acetamide, propionamide or diacetamide, or of 
a carboxylic acid anilide, ïor example of a nu- 
clearly halogenated or nitrated acetanilide or 
5 benzanilide, The thus-effected halogenation of 
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the methT1 groups in =-position to the conjugated 
sTstem is, according fo the invention, carried out 
in the presence of light. For this purpose, use 
mat be ruade of various sources of light with and 
without an ultraviolet portion, such for example 
as light from incandescent lamps, quartz lamps, 
arc lamps,, and also.strong natural light such as 
direct sunlight. The. exposure fo light presents 
primarilT the advantage that the rate of the re- 
action is greatlT enhanced. In ruant cases, if 
is due to this expedient that acceptable Tields 
become possible af all. Moreover, side reactions 
are to a great extent suppressed: Theintroduc, 
tion of halogen is preferablT effected in inert: 
solvents or diluents, such as carbon tetrachloride, 15. 
chloroïorm, benzene, cTclohexane methTlcTcloc 
hexane, ethT1 ether or dioxane. The ceactants 
are in most cases empl0Ted in substantiallT 
 stoichiometric quantifies. If the starting m.ate 
rials are compounds containing substituents .0 
which are sensitive fo the. halogenating means,. 
these substituents mat be. temPOraçilT;protected;. 
paçtcu]arlT, are Ïree hTdroxTlïgroups e. g« ester:i- 
fied or etherified. Esters of aromatic aci.dsïsuch. 
as. benzoic, acid, are in contrast to the. ïree  hT- 
droxYi comP0unds quite stable toward the said= 
hÏ0enating means, and als0 esters o aliphatic 
acids .are .gene!.allT;móçe slowlT attacked than the 
açti-ve.: meh-Yl = groups. If= necessarT« free keto 
gço_ups... an be protected bT- conversion into 0 
acetals, prtiçuarlT, oÏ glTcols. It has. been. 
ïound, however, tha ïree ktO goup&and par- 
ticul,açy- iSolated greups or .those iï» conj .uatien- 
t0 a:ca.rbon= double bond are als0 reltively little. 
sensi,ie.. 
Protected nuelear double.bonds eau be regenr 
eated. hen sueh protection was.effeete.d e. 
by .Sàtln:ation with hal0gen or hydrogen halide. 
thç.nUcl.ear, d0uble-bond maT. be regenerated, in 
per-., se. known, manner bT splitting, off hal0ge_n 
o.r .hTdrogen halide, respectively. 
The-poducts of .the.pocess are di- or poly 7 
olefins.with conjugated.double bonds which con- 
tàh/á'halogen- methT1 goup.in «-posiion. to the 
cohjugated STstem. TheT mat seï/e as iner.- 
mediates.ïor the preparati0n, oÏ pharmace uticals. 
z,z32ïLhalogen-choladienes are vert useu .and 
a:n0 .ng them, A0,-21-halogen-24,24-dipheyl- 
choladienes, are .. especially va!uable. Men.tion 
nàaY.be:made, e: g.-of A0,'-21-alogen-24,24 -di- 
phenylcholadiene, which conáin-a .hTdroxy, 50 
acyloxy or keto grouP.in 3,Position and if .desired. 
ahydr0xy, acyloxy or. keto group .in-11- or 12-P9: 
si!p or an- ll,12-double, bond.. These.. 3-.hY7 
drox or 3-acyloxy compounds may a!so.conçain 55 
a lhal0g-en atom in 5-position. and. the 3-keto 
compounds a 4,5-double-bond. These .new com- 
P0UndS. Pemit, inter alia,, a c0nsiderable si.mpli- 
fihat$0n of. the. production, of adrenal cortical. 
h0çmones... 60 
Th¢ ïoll0_wing examples .illustate the inen- 
tionwi.thout howeve being intended, fo be.limita-. 
rive thereof. The relationship between parts by 
volume and parts by weght is_the saine aS 
w!!i.c.h, exstsfietween the liter and the .kilogran2-,. 
Exampe 1 
1 part by weight of 1,1-diphenyl.-4,methy!- 
pentadiene-(1,3) is dissolvedin 50 parts.by vol-. 
urne of carbon tetrachloride. 0.45 part by 
wëight of N-bromo-succinimide. is added fo the 
sqlution, which is the.n.heated for two hours while 

evaporated in vacuo. The resdue ls a substan- 
tially colorless off which, according to analysls, 
is 1,1 - diphenyl - 4 - methyl - 5 - bromo - pen- 
tadiene-(1,3). The compound possesses a very 
5 reactive halogen atom which can not however be 
readily split off as hydrogen bromide. 
Exa.mZè,2 
2 parts by weight of A°,-3,12=diacetoxy - 
10.224-diphenyl-choladiene in 100 parts by volume 
of carbon tetrachloride are heated to boiling ïor 
 20minutes with 0.6 part by weight of N-bromo- 
succimide.:wh.ile.he!g exposed to the light oï a 
stong .icdçqçnt lamp. The solution is then 
cooled, sctittCred from the foed suc- 
ciide, and thé. fitrate evaporated in vacuo, 
Rec;ystallized/ïro m isopropyl ether, the residue 
yields A2°3-3,12=diacetoxy-21-bromo-24, 24-di" 
phenyl:chqladiene in the form of colorless fine 
needles of M. P. 195-196 - C. 
e.21rbromne_ a£om of ts comPçd.:is-in 
fact very. reacive; if .s no ,sDl[t. o. asà.hyd0gç 
bromide even after being heated for an ho 
pyçine;: there is fomed .iteaR- a 
brodc ,which .gradlly. decomçosçs..a£ a0d 
200 C: a.corrësp0nds.:b:an!ysi:to.- 
weight: of bromosuccinimide are coered ith: 
200.par£ b .volume:of cabon :tetaçhloçi,: 
expsg.. fo .. light,, fro a: song..-incandc¢nt  
lamp, Theïored«succnimSde suctionfiÏd 
from the c0oled reacto xte/ad-£he,fiL.ate 
eaporate ;in. vacuo The.xedueyi¢l reçrys- 
tllized from  opoPyl_ethe Aq'2«3ac¢oxyr 5 
chloro:-- 2-- bromo - 224.rdipheylechglane,- 
ETamp4 . 
mm isopropylate), are admixed with:/lç0 
fr9m,th :form¢d, sç¢iieïaD 
24,4dhçnFchQad$ne.: It _foç]s:: 
2 b9-2,2-.dphenytzcho!aene 
Pa: fem  A;-3-keto-12-pa-toJ-uotsulfO3Tv 
dipçy!fcho!adiepe by-. aaliae. 
and .reactS9n., w, ith: paatoluolsulfaehloride» in 
Ezampe 5 
1 par.t, b-weigt_ of A«:z,z«3.ke 
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ing to light from a strong incandescent lamp. 
The reaction mixture is cooled, the formed suc- 
cinimide suction-filtered off, and the solution 
evaporated in vacuo. The oily residue is A 4,20'23- 
3-keto - 21 - bromo - 24,24 - diphenyl-cholatriene. 5 
This compound contains a very reactive bromine 
atom. However, on heating with pyridine, if 
splits off no hydrogen bromide but rather goes 
over into a pyridinium-bromide. 
ExampIe 6 I0 
The starting material £or this Example is pçe- 
paçed e. g. in the following manner: A20,:3-3-hy - 
droxy-12-acetoxy-24,24-diphenyl - choladiene is 
dehydrogenatedtoA:O,:-3-keto-12-acetoxy-24,24 - 15 
diphenyl-choladiene. The latter is saponified, 
the 12-hydroxyl group esterified by allowing the 
material to stand £or six days in pyridine with 
an excess o£ para-toluolsul£ochloride and, finally, 
split off by heating to 140 °C. for 15 hours with 20 
pyridine in a pressure vessel. 
10 parts by weight of the thus obtained A n,°,2- 
3-keto-24,24-diphenyl-cholatriene and 3.63 parts 
by weight of N-bromosuccinimide in 100 parts by 
volume of carbon tetrachloride are boiled in the 25 
water bath for 20 minutes while being exposed 
to light from a strong incandescent lamp. The 
reaction mixture is cooled, the solution suction- 
filtered from the formed succinimide and evapo- 
rated in vacuo. The çesidue is the crude A n,0'- 30 
3-keto-21-bromo-24,24-diphenyl-cholatriene. It 
can be recrystallized from acetone or isopropyl. 
ether and is thus obtained in pure state. 
ExampIe 7 
4.32 parts by weight of A°,-3,12-diacetoxy - 
24,24-diphenyl-choladiene and 1 part by weight 
of N-bromoacetamide in 100 parts by volume of 
carbon tetrachloride are heated to boiling for 15 
minutes while exposing to light from a strong 4O 
incandescent lamp. The cooled solution is bçiefiy 
washed with cold water, dried and evaporated in 
vacuo. Recrystallized from isopiopyl ether, the 
residue gives the A2°,-3,12-diacetoxy-21-bromo - 
24,24-diphenyl-choladiene of M. P. 195-196 ° C. 45 
described in Example 2. 
EæampIe 8 
2 parts by weight of A0,3-3,12-diacetoxy-24,24 - 
diphenyl-choladiene and 2.6 parts by weight of 50 
N-bromo-2,4,6-tribromacetanilide in 100 parts by 
volume of carbon tetrachloride are heated to boil- 
ing for 15 minutes while being exposed to light 
from a strong incandescent lamp. The solution 
is then evaporated in vacuo and the residue treat-  
ed with ether. The ether-solution is filtered off 
from the 2,4,6-tribromacetanilide and upon 
evaporation leaves behind the cçude Æ°,2s-3,12- 
diacetoxy-21-bromo-24,24-diphenyl - choladiene 
described in Example 2, which can be obtained 
in pure state from isopropyl ether and melts at 
195-196 ° C. 
ExampIe 9 
17parts by weight of A°,-3,11-diketo-24,24 - 
diphenyl-choladiene and 6 parts by weight of N- 65 
bromosuccinimide in 200 parts by volume iï car- 
bon tetrachloride are heated to boiling for 20 
minutes while exposing to light from a strong in- 
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candescent lamp. The cooled solution is suction- 
filtered from the formed succinimide, evaporated 
in vacuo, and the residue recrystallized from iso- 
propyl ether. A0,-3,11-diketo-21-bromo-24,24- 
diphenyl-choladiene is thus obtained in the form 
of colorless crystals. 
The A 2°,S - 3,11-diketo-24,24-diphenyl-chola- 
diene used as starting material can be prepaçed 
from 3-hydroxy-ll-ketocholanic acid methyl 
ester in the following mannel: This ester is 
causec[ to react with phenylmagnesium bromide 
o form 3,24-dihydroxy-ll-keto-24,24-diphenyl- 
cnolane, water is then split off from the result- 
ant teritary alcohol, and the 3-hydroxy group 
subsequently acetylated. The resultant 
acetoxy-ll-keto-«4-diphenyl-cholene is caused 
to react with N-bromosuccinimide and hydrogen 
»romide split off from the formed 22-bromide. 
The A0,23 - 3 - acetoxy - ll-keto-24,24-diphenyl- 
choladien obtained is then subjected to alkaline 
saponification and converted into the above men- 
ioned starting material by dehydrogenation in 
a toluol-syclohexanone mixture in the presence 
of aluminium iæopropylate. 
ttaving thus described the invention, what is 
claimed is: 
1. A A0,-21-halogen-choladiene. 
2. A A °, - 21 - halogen-24,24-diphenyl-chola- 
diene. 
3. A A0,2-3-keto-21-halogen-24,24-diphenyl - 
choladiene containing an additional 4,5-double 
bond and being fçee from further ring substitu- 
ents. 
4. A Ao,  - 3 - keto - halogen-24,24-diphenyl- 
choladiene containing an additional 4,5-double 
bond. 
5. A 0, - 3,12 - diacetoxy - 21 - bromo - 24,24 - 
diphenyl-choladiene. 
6. A 2°,3 - 3,11 - diketo - 21 - bromo - 24,24 - 
diphenyl-choladiene. 
7. A A0,. 3 - keto-21-halogen-24,24-diphenyl 
choladiene. 
8. A A °,2 - 3 - acetoxy - 21 - halogen-24,24-di- 
phenyl-choladiene. 
9. A A °,- 3-keto-21-halogen-24,24-diphenyl- 
choladiene containing, as sole further substitu- 
ent, a keto group in position lli 
10. A A °, - 3 - acetoxy- 21-halogen-24,24-di- 
phenyl-choladiene containing, as sole further 
substituent, an organic acyloxy griup in posi- 
tion 12. 
C I-AILES MESTRE. 
ALBERT VETTSTEIN. 
- EFEENCES CITED 
The following references are of record in the 
file of this patent: 
UNITED STATE:S PATENTS 
Number Name Date 
2,229,818 Reichstein et al ..... Jan. 28, 1941 
2,326,228 Kharasch et al ..... Aug. 10, 1943 
OTHER REFERENCES 
Gould: Jour. Ara. Chem. Soc., vol, 57, pp. 340- 
345 (1935). 
Meystre et al.: Helv. Chim. Acta 27, pp. 1815- 
1824 (1944). 



